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ABSTRACT

Fire p lays an inpor tant  ro le in  deterrn in ing st ructure
of  forests and scrublands throughout  the West .  Dist r ibut ion
and st ructure of  vegetat ion depends upon topography,  c l imat ic
reg ime ,  and  f i r e  reg i rne .  S l x  f i r e  reg imes  a re  de f i ned  based
on f i re  f requency and intensi ty ,  vary ing f rom f requent ,  1ow-
intensi ty  sur face f i res to very long return in terval ,  s tand
replacement  f i res.  In  cer ta in western forests and scrub-
l ands  f i r e  supp ress ion  fo r  t he  pas t  50  to  100  yea rs  has  l ed
to  l onge r  i n te rva l s  be tween  f i r es ,  i nc reases  i n  su r face  and
c rown  fue1s ,  changes  i n  f o res t  s t ruc tu re ,  and  sequen t i a l
impac ts  on  f i r e  i n tens i t y ,  pos t f i r e  age  s t ruc tu re ,  spec ies
composi t ion,  fuel  accumulat ion,  and both hor izonta l  and
ve r t i ca l  pa t t e rn .  Be t te r  unde rs tand ing  o f  f i r e  reg imes  i s
basic  to our  nanagetnent  of  western ecosystems.

KEYWORDS:  wes te rn  f o res t s ,  f i r e  reg i rnes ,  f i r e  f r equency ,  f i r e
i n tens i t y ,  sc rub lands .

INTRODUCTION

F i re  p lays  a  ma jo r  ro le  l n  t he  f unc t i on  o f  mos t  o f  t he  f o res t s  and  sc rub land
ecosys tems  o f  t he  wes te rn  Un i t ed  S ta tes .  I n  nany  ecosys tens ,  f i . r e  con t ro l s  t he  age
s t l - uc tu re  and  spec ies  compos i t i on  o f  t he  vege ta t i on  and  c rea tes  a  mosa i c  o f  vege ta t i on
t ypes  on  the  l andscape  ( l l e i nse lman  f978 ) .  F i re  ac t s  w i t h  d i f f e ren t  f r equenc ies  and
in tens i t i es ,  depend ing  upon  the  vege ta t i on  and  topog raphy  i nvo l ved ,  as  we l l  as  t he
c l ima t i c  reg i rnes  wh ich  de te rn ine  the  co inc idence  o f  i gn i t i ons  w i th  g i ven  bu rn ing
cond i t i ons .  Thus  vege ta t i on  compos i t i on  and  s t ruc tu re  depend  on  c l ima te ,  f i r e  f r e -
quency ,  and  i n tens i t y ,  wh i l e  f i r e  f r equency  and  i n tens i t y  i n  t u rn  depend  on  vege ta t i on
s t ruc tu re ,  t opog raphy ,  and  c l ima t i c  reg ines .

Because  o f  a lmos t  annua l  co inc idence  o f  i gn i t i ons  w i th  su i t ab le  bu rn ing  cond i t i ons ,
wes te rn  f o res t s ,  such  as  t hose  found  i n  t he  S ie r ra  Nevada ,  have  f requen t  f i r es .  Because
such  f i r es  a re  f r equen t ,  t hey  a re  o f  l ow  i n tens i t y .  By  con t ras t  even  though  i gn i t i ons
a re  equa l l y  as  f r equen t  i n  ce r ta in  Rocky  Moun ta in  f o res t s ,  t hey  do  no t  co inc ide  as
f requen t i y  w i t h  d ry  f ue l  cond j - t i ons .  Thus  these  f i r es  have  a  l onge r  recu r rence  i n te rva l
and  a re  e i t he r  more  i n tense  su r face  f i r es  t ha t  k i l l  a l l  non res i s tan t  snec ies  o r  a re
c r o w n  f i r e s  r v i t h  s h o r t e r  o r  l o n g e r  r e t u r n  i n t e r y a l s .
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Forest  and scrublands in  the lVest  can be grouped into the fot lowing four  broad

fo rma t i ons  adap ted  f ron  Oos t i ng rs  (1956 )  c l i r nax  f o r rna t i ons  o f  No r th  Amer i ca :  ( 1 )

suba lp ine  fo res t ,  ( 2 )  mon tane  fo les t ,  ( 3 )  wood land ,  and  (4 )  sc rub land '  These

formai ions--based on c l imat ic  regime and topography--range f rom vegetat ion found in

no i s t ,  h i ghe r  e leva t i on ,  no r th  exposu res  to  t ha t  f ound  i n  d r i e r ,  l o r ve r  e leva t i on ,

sou th  exposu res .  These  fo rma t i ons  occu r  i n  a l t i t ud ina l  zones  on  the  p r i nc lpa l  moun ta in

ranges  i n  t t r e  l { es t :  t he  Rocky  Moun ta in ,  Cascades ,  S ie r ra  Nevada ,  and  Coas t  Ranges  as

we l l  as  on  Grea t  Bas in  and  In te r rnoun ta in  ranges .  D i s t r i bu t i on  o f  p l an t  commun i t i es  o r

hab i t a t  t ) ?es  i n  t he  wes te rn  Un i t ed  S ta tes  has  been  cove red  b road l y  by  Oos t i ng  (1956 )

and  i n  no re  reg iona l  de ta i l  by  Daubenmi , re  and  Daubenmi re  (1968 ) ,  F rank l i n  and  Dy rness

(1973 ) ,  Munz  and  Keck  ( i 959 ) ,  and  P f i - s te r  and  o the rs  ( l ' 977 ) .

Impac t  o f  F i re  F requency  on  Spec ies  Compos i t i on

F requency  o f  f i r e  i s  c r i t i ca l  i n  se lec t i ng  t hose  spec ies  t ha t  w i l l  con t i nue  as

pa r t  o f  t he  vege ta t i on  o f  a  g i ven  a rea .  A  spec ies  canno t  su rv i ve  i f  f i - r e  i s  i n t roduced

t o o  o f t e n  o r  t o o  e a r l y  o r  d e f e r r e d  t o o  l o n g  i n  i t s  l i f e  c y c l e  ( t t e n d r i c k s o n  1 9 7 2 ) .  F o r

examp le ,  w i t h  nonsp rou t i ng  spec ies ,  su rv i va l  i n  a  g i ven  a rea  may  be  th rea tened  b1 '

f i r es  wh i ch  occu r  be fo re  t he re  has  been  t ime  fo r  a  seed  poo l  t o  accumu la te  o r  a f t e r

t h e  p l a n t ' s  l o n g e v l t y  h a s  b e e n  e x c e e d e d  a n d  t h e  s t o r e  o f  s e e d  i s  l o s t  ( G i i 1  1 9 7 9 ) .

The  s i -gn i f i cance  o f  f i r e  f r equency  i n  de te rm in ing  the  spec ies  compos i t i on  aspec t  o f

forest  s t ructure through t ime is  i l lust rated when f i re  burns of ten enough to prevent  a

f i r e -dependen t  Doug las - f i r  (Pseudo tsuga  menz ies i i )  o r  l odgepo le  p ine  (P inug  cgn to r ta )

fo res t  t r om chang ing  to  a  non f i r e -dependen t ,  shade  to le ran t  f i r ,  ceda r -hemlock ,  o r

sp ruce - f i r  f o res t .

l m p a c t  o F  F i r e  F r e q u e n c y / l n t e n s i t y  o n  V e g e t a t i o n  l l o s a i c

The  ho r i zon ta l  pa t t e rn  o r  mosa i c  o f  vege ta t i on  i n  a  g i ven  a rea  i s  made  up  o f

c o n t r a s t i n g  a g e  c l a s s e s ,  s u c c e s s i o n a l  s t a g e s ,  a n d  v e g e t a t i o n  t y p c s  c r e a t e d  b y  r e c u r r i n g

f i r e  ove r  l ong -  o r  sho r t - t e rn  ro ta t i on  pe r i ods  (He inse l rnan  1978 ) .  The  sca le  o f  t he

vege ta t i ve  mosa i c  i . s  i n f l uenced  by  f r equency  and  i n tens i t y  o f  f i r e  as  we l l  as  t he

topog raph i c  base  on  wh ich  f i r e  occu rs .  I n  re la t i ve l y  f l a t  o r  gen t l y  ro l l i ng  coun t r ) '

wh-ere long- terrn in tense croh,n f j . res or  s tand-replac ing sur face f i res are character-
: - + : -  n a + n l " a c  ̂ s  t h e  m o s a i c  m a y  c o v e r  t h o u S a n d s  o f  a c r e S .  I n  S t e e p ,  b r o k e n  t e r r a i n ,I > L l L ,  p d L L t l s J  u r

such  as  t he  S ie r ra  Nevada ,  whe re  l ow- in tens i t y  f i r es  bu rn  f r equen t l l ' ,  t he  pa tches  may

b e  l e s s  t h a n  0 . 2 5  a c r e s  ( 0 . 1  h a )  i n  s i z e  ( B o n n i c k s e n  1 9 7 5 ) .  I { h a t e v e r  t h e  s i - z e  o f

pa tches  o r  agg rega t i ons  i nvo l ved ,  t he  ove ra l l  mosa i c  changes  L i t t l e ,  as  l ong  as  t he

l requency  and  i n tens i t y  o f  f i r e  cha rac te r i s t i c  o f  t ha t  vege ta t i on  and  topog raphy

con t i nues ;  t he  i nd i v i dua l  agg rega t i ons  a re  pe r i od l ca l l y  rea r ranged  by  f i r e  and  succes -

s i o n ,  l i k e  p i e c e s  o f  a  k a l e i d o s c o p e  ( B o n n i c k s e n  a n d  S t o n e  1 9 7 8 ,  I J e i n s e l n a n  1 9 7 8 ) .

F i r e  R e g i m e s

Fire is  i rnpor tant  in  so tnany ecosysterns that  i t  is  becoming less meaningfu l  to

re fe r  t o  f i r e -d -ependen t  vs .  f i r e - i ndependen t  sys tems .  I ns tead  h 'e  need  to  speak  o f

sys tems  w i th  va ry ing  " f i r e  reg imes"  made  up  o f  such  fac to rs  as  f i r e  f r equency  and

i n t e n s i t y  ( H e i n s e l m a n  1 9 7 8 ,  S a n d o  1 9 7 8 ) ,  s e a s o n  ( G i 1 1  I 9 7 3 ) ,  p a t t e r n  ( K e e l e y  1 9 7 9 )  ,
and  dep th  o f  bu rn  (Me thven  1973 ) .  I n  o rde r  t o  enphas i ze  t he  r v i de  range  o f  f i r e  cha rac -

ter is t lcs found in the West  and to make compar isons between them, I  have organized

what  is  known about  the impact  of  f i re  f requency and intensi ty  on vegetat ive st ructure

a round  a  mod i f i ca t i on  o f  t he  f i r e  reg imes  desc r i bed  by  He inse lnan  (1978 ) :

( l )  f r equen t ,  1ow- in tens i t y  su r face  f i - r es  ( l -  t o  25 -yea t  re tu rn  i n te rva l ) ;

( 2 )  i n f requen t ,  I ow- in tens i t y  su r face  f i r es  ( rno re  t han  25 -yea l  r e tu rn

i n t e r v a l ) ;



( 3 )

( 4 )

i n f rec luen t ,  h i gh - i n tens i t y  su r face  f i r es
i n t e r v a l ) ;

(more than 25-year  re tu rn

f i res and long
300-year return

sho r t  r e tu rn  i n te rva r ,  s tand - rep lacenen t  f i r es  (25 -  t o  J .00 -yea r
re tu rn  i n te rva l  I  :

( 5 )  va r i ab le  reg ime :  f r equen t ,  l ow_ in tens i t y  su r face
re tu rn  i n te rva l ,  s tand_ rep lacemen t  f i r es  (100_  to
i n t e r v a i s l :  a n d

(6 )  ve ry  J -ong  re tu rn  i n te rva r ,  s tand  rep lacenen t  f i r es  (more  than  J00_y e a r  r e t u r n  i n t e r v a l s ) .

ce r ta in  ma jo r  f o res t  t ypes  a re  cove red  on l y  b r i e f l y  because  l i t t l e  i s  known  a t  p resen tabout  the re lat ionship between forest  s t ructure and f i re  f requency and intensi ty  inthose t )?es '  i \ ' lore thorough t reatnent  has been g iven here to cer ta in other  forestt ypes - -pa r t i cu la r i y  t he  sequo ia -m ixed  con i f e r  f J res t - -because  i n fo rna t i - on  i s  ava i l ab le .even  tho .gh  the  t ype  cove rs  a  more  res t r i c ted  geog raph i c  range  
r r  aJ  4v ' r rdvLe ,

An  i n tense  f i r e  can  e i - t he r  bu rn  t h rough  the  tops  o f  c rowns  o f  t r ees ,  t hus  k i l l i ngt r e e s  a s  a  I ' c r o t v n  f i r e , ' t  o r  i t  c a n  s i m p l y  [ i r a l u  o r  h e a t - k i 1 1  f i r e - s e n s i t i v e  t r e e s  b yin tense  bu rn ing  a t  g round  o r  su r face  rev l r l  I n  e i t he r  case ,  t he  s tand  o f  t r ees  o rs e Q m e n t  o f  t h e  f o r e s t  i s  p a r t i a l l y . o r . t o t a l l y  k i l r e d .  H o w e v e r ,  o n l y  i n  t h e  m o s ts h o r t - t e r m  s e n s e  c a n  t h i s  b e  c a l l l d  s i m p t y  a , , s t a n d _ d e s t r o y i n g ;  f i r e .  B e c a u s e  a t  t h es a n e  t i m e  i t  i s  k i l l i n g  t h e  e x i s t i n g  g t o " p  o f  t r e e s ,  t h e  f i r e  i s  p r o v i d i n g  a  s e t  o fcond i t i ons - - some t imes  i nvo l v i ng  the  seeanea ,  open ing  o f  c l osed  cones ,  o r  s t imu la t i o 'o f  sp rou t i ng  spec ies - - r vh i ch  t e id  t o  rep lacemen i  o r  t ne  o1d  fo res t  o r  sc rub land  by  anew vege ta t i on '  I n  t h i s  pape r ,  t he re fo re ,  a  h igh - i n tens i t y  su r face  f i r e  o r  c rown  f i r ew h i c h  k i l l s  m o s t  o f  t h e  e i i i t i n g  v e g e t a t i o n  i s  i l s o  r e f e r r e d  t o  a s  a , , s t a n d -r e p l a c e m e n t "  f i r e  a s  u s e d  b y  G a b r i e l  ( r g 7 6 ) ,  H a b e c t <  ( 1 9 7 6 ) ,  A n t o s  ( r g 7 7 ) ,  s n e c k  ( r g 7 7 ) ,V a n  l V a g n e r  ( 1 9 7 8 ) ,  a n d  A r n o  ( 1 9 g 0 ) .

F i re  f r equenc ies  a re  d i f f i - cu l t  t o  compare  i n  a  rnean ing fu l  way  be tween  d i f f e ren ts t u d i e s  o f  v a r i o u s , f o r e s t  t y p e s  u " d  q 9 9 q l " p r t i .  t " g i o n s  u n l 6 s s  s i m i t a r - s i z e d  u n i t s  a r ebe ing  con tpa red .  K i l go re  and -Tay lo r  i fSTg l  used  , , i r equency ,  t o  mean  , , i n te rva l  be tweenf i r e s  o n  t h e  s a n r e  p i e c e  o f  g r o u n d . . . c a l c u l a t e d  f r o m  r e c o r d s  f o u n d  o n  a  s i n g t e  t r e eo r  a  c l us te r  o f  t r ees  g ro rv ing  fa i r l y  c l . ose  toge the r . r ,  c .  E .  van  wagner  l pe rsona lcommun ica t i on )  f ee l s  t he re  i s  onJ .y  one  bas i c  i a ra rne te r ,  name ly ,  , , t he  ave rage  number  o fy e a r s  b e t w e e n  f i r e s  a t  a  p o i n t . "  H e  n o t e s ,  h o w e v e r ,  t h a t  " f i r e  c y c l e , , i s  t h e  s a n econcep t  i f  i t  i s  de f i ned  as  t he  number  o f  ! - ea rs  t o  bu rn  an  a rea  equa i  t o  t he  who lea r e a  i n  q u e s t i o n  ( s e e  a J ' s o  M e t h v a n  1 9 7 8 ) .  T h i s  i s  s i r n i l a r  t o  H e i n s e l m a n r s  ( r g 7 3 )
"na tu ra l  f i r e  ro ta t i on , "  and  " f i r e  re tu rn  i n te rva l , ,  [Tande  rg77 )  e rnbod ies  t he  sameidea '  "F i ] - e  f r equency "  o r  " f i r e  cyc1e"  can  be  con t ras ted  w i th  i , f i r e  i . nc idence , '  wh i chhas  been  de f i ned  as  " t he  i n te rva l  be tween  f i r es  wh i ch  bu rned  somep lace  i n  a  pa r t i cu la r *s i zed  un i t  o f  t he  f o res t ,  such  as  a  d ra inage ,  bu t  no t  necessa r i l y  i nvo l v i ng  the  samep o i n t "  ( K i t g o r e  a n d  T a y l o r  1 9 7 9 ) .  T h e  i m p J r l u n . "  o f  t h i s  d i s t i n c t i o n  i s  t h a t" f r equency "  ' . e f l ec t s  f ue1 ,  c l i na t i c ,  and ' i g r i ; i ; ;  f ac to rs  i nhe ren t  i n  t he  ecosys ten  o rfo res t  t ype ,  wh i l e  " f i r e  i nc idence"  a l so  i i  a f f ec ted  by  t he  s i ze  o f  t he  a rea  be ingobse rved '  Thus  i n  a . s tudy  o f  a  g ian t  seq r ro i . - l i " q ro l raena ro . ,  g i gan teum) - -m ixed  con i f e rf o res t , t hepa tchy f i r e reg im" " i , r eco rded "u " ' f f i f f i o ' u . dua1 t rees ,
e v e r y  9 - 1 7  y e a r s  i n  1 -  t o  2 - a c r e  ( 0 . 4 -  t o  0 . 8 - h a j  c l u s t e r s ,  e v e r y  5 - 9  y e a r s  s o m e w h e r ein  40 -ac re  [ 16 -ha )  s tudy  s i t es ,  t l d  ev ,e ry  z  yea rs  somewhere  i n  2 ' , 500 -ac re  (1  000 -ha )d ra inage  (K i l go re  and  Tay lo r  1979 ) .  obv ious i y ,  t he  l a rge r  t he  un i t  s i . ze ,  t he  gea te rthe  numbers  o f  f i r es  and  the  sho r te r  t he  i n te rva l s  be tween  then  w i thou t  any  bas i cchange  i n  ecosys te rn  f unc t i on .  By  con t ras t ,  whe re  f i r es  a re  gene ra l r y  ex tens i ve ,  as  i nchapa r ra l ,  r ecu r rence  i n te rva l s  wou ld  o f t en  be  s im i l a r  r o r  b6 tn  s i ng le -ac re  and  100 -ac re  o r  l a rge r  un i t s '  Hence ,  f i r e  i nc idence  a lone  i ,  a r - i r . " - p r "a "  desc r i p t l - on  o f  t he
l i i : " t : i :T : .St  

t  rorest  and a far  less-ur" i r r - r " " rure than e i t i rer ' , f i re  r rLqu"r .y ;  o .
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I n  d i s c u s s i n g  f i r e r s  r o l e  i n  t h e  e v o l u t j o n  o f  p l a n t  a t t r i b u t e s ,  K e e I e l '  ( 1 9 7 9 )
has  po in ted  ou t  t ha t  f o r  t ha t  pu rpose ,  a  "na tu ra l "  f i r e  f r equency  shou ld  i nc lude  on l y
l i g h t n i n g  i g n i t i o n s .  F o r  o t h e r  p u r p o s e s ,  s u c h  a  d i s t i n c t j o n  m a y  b e  u n n e c e s s a r ) ' .  I n
a n y  c a s e ,  r v i t h  t h e  e x c e p t i o n  o f  s e q u o i a - r n i r e d  c o n i f e r  f o r e s t  ( K i l g o r e  a n d  T a y I o r
1 9 7 9 ) ,  t h e r e  i s  l i t t l e  q u a n t i t a t i v e  d a t a  u p o n  r v h i c h  r - o  b a s e  j u d g m e n t  o f  r v h a t  p r o p o r t i o n
o f  p rese t t l enen t  l - gn i t i ons  we re  s ta r ted  by '  l i gh tn ing  o r  abo r i g i na l  sou rces .  [ I ence ,
i n  t h i s  p a p e r ,  I  t v i I I  n o t  a t t e m p t  t o  s e p a r a t e  t h e s e  t w o  s o u r c e s  o f  i g n i t i o n ,  e l t h o u g h
a b o r i g i n a l  b u r n j n g ,  w a s  c l e a r l y  s i g n i f i c a n t  i n  c e r t a i n  p o n d e r o s a  p i n e  a n d  g i a n t  s e q u o i a
fo res t s ,  and  pe rhaps  i n  o the r  vege ta t i on  t ypes  as  we l l .

M o s t  s t u d i e s  o f  f i r e  h i s t o r y  a n d  f i r e  e c o l o g y  o f  c e r t a i n  f o r e s t  t y p e s  s p c c i f y
i n t e n s i t y  ( i f  a t  a l I )  i n  s u b j e c t i v e  a n d  n c b u l o u s  t e r m i n o l o g y  s u c h  a s  " c o o l / l i g h t "  o r
r r h n t / c a \ r a r a  I '  I I c s  o f  c a t e g o r i e s  s u c h  a S  ( f  , )  l o w - i l t e n s i t y  s u r f a c e  f i r e s ,  1 J )  m c d i r r m
t o  h i g h - i n t e n s i t y  s u r f a c e  f i l e s  ( t o r c h i n g ) ,  a n d  [ 5 )  h i g h - j n t e n s i t y  c r o w n  f j r e s  i s
p re fe rab le ,  p rov ided  a  range  o f  f i r e  i n tens i t y  i s  no ted  fo r  each  c lass .  Sando  (1978 )
h a s  s u g g e s t e d  u s e  o f  j n t e n s i t i e s  g r e a t e r  t h a n  1 2 0 0  B t u / f t / s e c  t o  s e l ) a r a t e  h i g h -
i n tens l t y  f j - r es  f r om lo i v -  t o  rnode ra te - i n tens i t y  f i r es .  Eco log i s t s  o f t en  appea r  t o
I a c k  a  c l e a r  u n d e r s t a n d i n g  o f  f i r e  b e h a v i o r  a n d  i t s  i m p o r t a n c e  t o  t h c  s o u n d  i n t c r p r e t e -
t i o n s  o f  f i r e  e f f e c t s  l V a n  l { a g n e r  a n d  N l c t h v e n  1 9 7 8 ) .  S o  i t  i s  n o t  y e t  p o s s i b l e  t o
r e l a t e  q u a n t i t a t i v e  i n t e n s j t y  m e a s u r e m e n t s ,  s u c h  a s  h e a t  p r o d u c t i o n  p e r  s e c o n d  p e r
r ' ' i +  l  ana+L '  ̂ r  € . i r e  f r on t  (By ra rn  1959 ,  Van  l { agne r  1965 ,  A lb in i  1976 )  ,  t o  spec i f i . c
changes  i n  t he  ecosys tem.  Pa r t  o f  t he  pas t  d i sag reemen ts  abou t  t he  ro le  o f  f i r e  i n  a
g i ven  fo res t  o r  hab i t a t  t ype  can  p robab l y  be  a t t r i bu ted  to  t h i s  l ack  o f  da ta  re f i ne rnen t
and  documen ta t i on  (K i l go re  I 973b ) .  Fu tu re  f i e l d  and  l abo ra to ry  s tud ies  nus t  s t r i ve
f n  r o c n ' l r r a  f h i c  n l g f l s p  b y  c o r r e l a t i n g  f i r e  e f f e c t s  w i t h  f u e l ,  f i r e  b e h a v i o r ,  a n d
env i ronmen ta l  pa rane te rs .

FREQUENT,  LOIV- INTENSITY  SURFACE F IRES

Frequen t ,  l ow- in tens i t y  su r face  f i r es  we re  cha rac te r i s t i c  o f  p rese t tLemen t
ponde rosa  p ine  (P inus  ponde rosa )  and  g ian t  sequo ia -n i xed  con i f e r  f o res t s  ( l \ r eave r
1 9 5 1 ,  C o o p e r  1 9 6 0 ,  B i s w e l f  1 9 6 7 ,  K i l g o r e  a n d  T a y l o r  1 9 7 9 ) .  E v e n  c e r t a i n  D o u g l . a s - f i r
and  wes te rn  l a r ch  ( l g f t I  q r c l gq ta l i s )  f o res t s  i n  t he  Rocky  l \ l oun ta ins  we re  kep t  open
fnr  conf  r r r  ieq hrr  . , ' "h--Fi- . l l l i i i l lT l l i l  I  hrrrn i  no /  a nr1 ^ , , r o  I 9 8 0 )  a l o n g  r v i t h  i n s e c t  e p i d c m i c s
and  o the r  mor ta l i t y  f ac to rs .

I n  h i , s  sun lnmary  o f  t he  e f f ec t s  o f  f l r e  on  i { es te rn  f o res t s ,  I l cave r  (1974 )  quo ted
a  number  o f  ea r l y  exp lo re rs  i vho ,  i n  desc r i b i ng  the  fo res t  s t ruc tu re  o f  S ie r : ra  Ne r " ' ada
m o n t a n e  f o r e s t s ,  r e f e r r e d  t o  t ' t h e  i n v i t i n g  o p e n n e s s  o f  t h e  S i - e r r a  w o o d s . . . t r e e s  o f  a l l
s p e c i e s  s t a n d i n g  m o r e  o r  I e s s  a p a r t  i n  g r o v e s ,  o r  i n  s m a l l ,  i r r e g u l a r  g r o u l l s . . . r i i t h
open ings  tha t  have  a  smoo th ,  pa rk l i ke  su r face ,  s t rewn  w i th  b ro r tn  need les  and  bu rs "
( l t { u i r  1894 ) .  One  even  spoke  o f  be i . ng  ab le  t o  r i de  t he i r  ho rses  "a t  a  f r ee  ga l l up
th rough  the  fo res t "  wh i ch  seemed  l i ke  a  vas t  cove red  ha l l  whe re  " i n  s ta te l \ /  g roups ,
s tand  ta11  sha f t s  o f  p i ne "  (K ing  187 i ) .  AJ . t hough  these  s ta tenen ts  re f l ec t  r vha t  r ve
th ink  s i - zab1e  po r t i ons  o f  t hese  pa tchy  fo res t s  r ' r e re  l i ke ,  l ^ re  shou ld  be  ca r . r t i o r . r s  i n
e x t e n d i n g  t h e s e  s p e c i f i c  c o m m e n t s  t o  i m p l 1 ' t h a t  a L l  a r e a s  o f  t h e s e  f o r e s t s  l v e r e  t h i s
o p e n  a t  a l l  t i n e s .

One  o f  t hese  sa rnc  ea r l y -day  obsc rve rs  (N l t r i r  l 90 l  )  desc r i bed  t i r e  i n tens i - t 1 '  o f  a
f i r e  h e  s a w  i n  1 8 7 5  i n  w h a t  i s  n o w  S e q u o i a  N a t l o n a l  P a r k ,  C a l i f . ,  l v h i c h  r e s u l t e d
f rom th i s  open  t ype  o f  s t ruc tu re  and  con t ras ted  i t  l v i t h  t he  i n tens i t y  f ound  i n  t he
dense chaparraL scrubland and i -n cer ta in dense forests of  the Rocky l r lounta ins and t l - re
C a s c a d e s :

T h e  f i r e  c a m e  r a c i n g  u p  t h e  s t e e p ,  c h a p a r r a l - c o v e r e d  s l o p e s . . .
i n  a  b r o a d  c a t a r a c t  o f  f l a m e s . . . .  B u t  a : ;  s o o n  a s  t h e  c l e e 1 t  f o r . c s t
was  reached ,  t he  ungove rnab le  f l ood  became ca ln ,  l i ke  a  t o r ren t
e n t e r i n g  a  l a k c ,  c r e e p i n g  a n d  s p r e a d i n g  b e n e a t h  t h e  t r e e s . . . .  T l ' r e r c
was  no  dange r  o f  be ing  chased  and  hemnred  i n ,  f o r  i n  t he  na in  f o res t
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b e l t  o f  t h e  s i e r r a ,  e v e n  w h e n  s w i f t  w i n d s  a r e  b l o w i n g ,  f i r e s  s e l d o m
o r  n e v e r  s w e e p  o v e r  t h e  t r e e s  i n  b r o a d ,  a l l - e m b r a c l n g  s h e e t s  a s  t h e y
d o  i n  t h e  d e n s e  R o c k y  M o u n t a i n  w o o d s  a n d  i n  t h o s e  o f  t h e  c a s c a d e
M o u n t a i n s  o f  O r e g o n  a n d  w a s h i n g t o n .  H e r e  t h e y  c r e e p  f r o m  t r e e  t o  t r e e
. . . a l l o w i n g  c l o s e  o b s e r v a t i o n . . . .

The  p rese t t l emen t  s t ruc tu re  o f  p l ne  and  m lxed  con i f e r  f o res t s
i n tens i t y  o f  f i r e  wh l ch  i s  poss ib le  because  o f  t hac  s t ruc tu re
and Kotok in  1924-.

i n  the  S ie r ra  Nevada and
w a s  d e s c r i b e d  b y  S h o w

T h e  v i r g i n  f o r e s t  i s  u n e v e n - a g e d ,  o r  a t  b e s t  e v e n - a g e d  b y  s m a l 1
g r o u p s ,  a n d  i s  p a t c h y  a n d  b r o k e n ;  h e n c e  i t  i s  f a i r l y  i m m u n e  f r o m
e x t e n s i v e ,  d e v a s t a t i n g  c r o w n  f i r e s .  E x t e n s i v e  c r o w n  f i r e s ,  t h o u g h
c o m m o n  i n  t h e  f o r e s t s  o f  t h e  w e s t e r n  w h i t e  p i n e  r e g i o n ,  a r e  a l m o s t
unknown 1n the  ca l i fo rn ia  p ine  reg ion .  Loca l  c rov /n  f i res  may ex tend
over  a  few hundred acres ,  bu t  the  s tands  in  genera l  a re  so  uneven-
aged and broken and have such a  var ied  cover  type  tha t  a  cont inuous
c r o w n  f i r e  i s  p r a c t i c a l l y  i m p o s s i b l e .

p o n d e r o s a  p i n e  F o r e s t s

A v e r a g e  f i r e  f r e q u e n c i e s  i n  p r e s e t t l e m e n t  p o n d e r o s a  p i n e  f o r e s t  v a r i e d  f r o m  6  t o
1 9  y e a r s  i n  d i f f e r e n t  p a r t s  o f  i t s  r a n g e  ( w r i g h t  1 9 7 8 ) ,  w i t h  5  t o  1 2  y e a r s  f o u n d  i n
A r i z o n a  a n d  N e w  M e x i c o  ( l ^ / e a v e r  1 9 5 1 ) ,  8  t o  1 0  y e a r s  b e i n g  c h a r a c t e r i s t i c  o f  p o n d e r o s a
p i n e  i n  C a l i f o r n i a  ( S h o w  a n d  K o t o k  1 9 2 4 ,  I ^ / a g n e r  1 9 6 I ,  M c B r i d e  a n d  L a v e n  L g 7 6 ) ;  8  r o  1 g
y e a r s  i n  v a r i o u s  p a r t s  o f  O r e g o n  a n d  W a s h i n g t o n  ( K e e n  1 9 4 0 ;  W e a v e r  1 9 5 5 ,  1 9 5 9 ;
s o e r l a a t m a d j a  1 9 6 6 ;  H a L l  r 9 1 6 ) ;  a n d  6  t o  1 0  y e a r s  r e p o r t e d  f r o m  r h e  B i t t e r r o o t  N a t i o n a l
F o r e s t  1 n  I d a h o  a n d  M o n t a n a  ( A r n o  1 9 8 0 ) .  I n  f o r e s t s  c o n t a i n l n g  a  m i x t u r e  o f  p o n d e r o s a
p ine  and wh l te  f  i r  (Ab i -e -s  co-n-co lo r )  in  southern  Oregon,  McNei l  and Zobe l  (1979)  f  ound
m e a n  i n t e r v a l s  b e t w e e n  f i r e s  t h a t  v a r i e d  f r o m  9  t o  4 2  y e a r s  a t  s i v e n  s i t e s .

E a r l y  s t u d i e s  o f  s t a n d  d e v e l o p m e n t  i n  p o n d e r o s a  p i n e  b y  W e a v e r  ( I g 4 3 ,  1 9 6 7 )  a n d
C o o p e r  ( 1 9 6 0 ,  1 9 6 1 )  h e l p  i n t e r p r e t  s t r u c t u r a l  c h a n g e s  w i t h  f i r e  e x c l u s i o n .  I n  A r i z o n a
p o n d e r o s a  p i n e  f o r e s t s ,  C o o p e r  ( 1 9 6 0 )  n o t e d  t h a t  u n d e r  p r e s e t t l e m e n t  c o n d i t i o n s ,  l o w -
i n t e n s i t y  s u r f a c e  f i r e s ,  s e t  b y  l i g h t n i n g  o r  I n d i a n s ,  b u r n e d  t h r o u g h  t h e  f o r e s t  a t
r e g u l a r  i n t e r v a l s  o f  3  t o  1 0  y e a r s .  T h e s e  f i r e s  s e r v e d  a s  t h l n n i n g  a g e n t s  a n d  p l a y e d
a n  i m p o r t a n t  r o l e  l n  t h e  c y c l i c a l  p r o c e s s  o f  s t a n d  d e v e l o p m e n t .

I n  d e s c r i b i n g  a  s i m p l i f i e d  f o r m  o f  t h i s  p r o c e s s ,  W e a v e r  ( L 9 6 7 )  s t a t e d :  " p e r i o d i c
l . , , - - i - ^  ^ ^ , , ^ ^ ^  r -u u r r l r r t g  c a u s e s  o e v e l o p m e n t  o f  u n e v e n - a g e d  s t a n d s ,  c o m p r i s e d  o f  e v e n - a g e d  g r o u p s  o f
t r e e s  o f  v a r i o u s  a g e  c 1 a s s e s . "  T h e  s y s t e m  o p e r a t e d  b e c a u s e  l o w - l n t e n s i t y  f i r e  k i l l e d
m o r e  s m a l 1  p i n e s  u n d e r  c a n o p i e s  o f  l a r g e r  t r e e s  t h a n  i n  o p e n i n g s .  I t  d i d  s o  b e c a u s e  a
s u r f a c e  f i r e  w o u l d  b u r n  w l t h  g r e a t e r  l n t e n s i t y  t h r o u g h  h e a v y  a c c u m u l a t i o n s  o f  f l a m m a b l e
n e e d l e s '  c o n e s ,  a n d  b a r k  s c a l e s  w h i c h  b u i l d  u p  u n d e r  l a r g e r  t r e e s  t h a n  i n  t h e  l i g h t e r
a n d  o f t e n  l e s s  c o n t i n u o u s  f u e l s  i n  t h e  o p e n i n g s .  B u t  a t  v a r i o u s  s i t e s  t h r o u g h o u t
t h e  f o r e s t '  e v e n - a g e d  g r o u p s  o f  t r e e s  w e r e  k i l 1 e d  b y  i n s e c t s ,  d i s e a s e ,  l i g h t n i n g ,  o r
w i n d t h r o w .  T h e s e  S r o u p s  o f  d e a d  t r e e s  w e r e  g r a d u a l l y  r e d u c e d  t o  a s h e s  i n  s u b s e q u e n t
f i r e s ,  l e a v i n g  o p e n i n g s  i n  t h e  f o r e s t  c a n o p y  w i t h i n  w h i c h  p i n e  s e e d s  c o u l d  g e r m i n a t e
a n d  y o u n g  p i n e s  s u r v i v e .  ( A n o t h e r  p o s s i b i l i t y  w o u l d  b e  t h a t  f i r e  b y  c h a n c e  w o u l d  m i s s
c e r t a i n  s i t e s  a n d  a 1 l o w  e n o u g h  f u e l  b u i l d u p  t h a t  o v e r s t o r y  t r e e s  w o u l d  b e  k i 1 l e d  i n
s u b s e q u e n t  f i r e s ,  l e a d i n g  t o  a n  o p e n i n g . )  W l t h i n  s u c h  o p e n i n g s ,  t h e  s m a l l  a c c u m u l a L i o n
o f  n e e d l e s  f r o m  t h e s e  n e w l y  e s t a b l l s h e d  y o u n g  p i n e s  w o u l d  n o t  s u p p o r t  a  s u r f a c e  f i r e -
o  I  t l - ' ^ , , ^ 1 -  A - , ,  - - ^ ^ ^ ^ ^  ^ . - l  c ^ - L ^  i -  ! r ,d r L r r u u g r r  o r y  g r a s s e s  a n d  f o r b s  i n  t h e  o p e n i n g s  w o u l d .  l l e n c e ,  u n t i l  t h e  p i n e s  w e r e
l a r g e  e n o u g h  t o  b u i l d  u p  f u e l s  b e n e a t h  t h e i r  o w n  c a n o p y ,  f i r e s  w e r e  n o t  i n t e n s e  e n o u s h
t o  k l l l  t h e m ;  a n d  b y  t h e  t i m e  t h e y  d i d  c o n t r i b u t e  s u c h  h e a v i e r  f u e l s t  m a n y  o f  t h e m
w e r e  l a r g e  e n o u g h  t o  s u r v i v e  t h e  1 o w - l n t e n s i t y  s u r f a c e  f i r e s .
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pa t te rns  o f  es tab l i shmen t  o f  Doug lae - f i r  ( " seudo tsuga  menz j -es i i )  i n  redwood  s tanc l s  a t200 -  t o  500 -yea r  i n te rva l s  o r ,  r " J i "  
" i t . " , f f i ; r t . " l " t " d  r .  i n f requen t ,  h i gh -i n tens i t y  su r face  f i ' r es .  r n l and ,  on  h ighe r ,  d r i e r  s i t es ,  r edwood  dominance  i s  reducedand  Doug las - f i r  age  c lasses  sugges t  a  re tu rn  i n te rva l  o f  50  t o  100  yea rs  f o r  f i r eswh ich  open  the  fo res t  canoPy  to  t he  ex ten t  necessa ry  f o r  f i r  es tab l i shmen t .  r n  i t snor thern range'  redwood aPPears to reproduce at  replacement  rates (about  1 t ree/acreeve ry  50  yea rs )  i n  t he  absence  o f  f i r l .  w i t n - i n . -excep t i on  o f  Doug las -  f i r ,  assoc ia tedtrees such as ranoak ( f  rq lg_ca_rug densi f  lora) ,  hemfoct  GgggC heterophyl la)  ,  and grandf  r r ,  (4b- iee grenCis) ,  fG-;edf f ia '  appear to reproduce successfur ly  borh wi th andw i thou t  g round  f i r es .

SHORT RETURN INTERVAL, STAND-REPLACU{ENT FIRES

chgparra l  and quaking asPen (3: r !1gg t rgmul .o ldeg)  are two vegerat ion rypes whichi l l us t ra te  a  sho r t  r e tu rn  i n te rva l  be tween  s tand  rep lacemen t  f i r es .  Bo th  f o rms  haveal l  aboveground vegetat ion k11led by per iodic ,  i . r i . . r " .  burn ing--e i ther  crown f i re  orh igh- lntensl ty  sur face f l res,  but  each surv ives uy sprout ing i rom root  cror^,ns or  byreseedi-ng '  rn addi ton,  several  types of  woodland and scrub vegetat ion are prevented

i i i ]" i i l l3trf;r: ' :::::#: 
bv perioaic cro\^,n rires. pinvon-juniier and sagebiush scrub

Chaparra l

La rge  sec t i ons  o f  chapa r ra l  a re  f ound  i n  ca l i f o rn ia  and  A r i zona ,  o f t en  occu r r i ngas  a  band  o f  vege ta t i on  be tween  g rass lands  be10w and  fo res t s  above .  rn  ca l i f o rn iaa1one ,  i r  cove rs  1 l  m111 ion  ac res  (4 .5  m i l l i on  ha )  (Ben t l ey  1967 ) .  Chapa r ra l  i s  bes rdeve loped  o r  mos t  ex tens i ve l y  d i s t r i bu ted  on  the  s teep  s lopes  and  sha l l ow  so i l s  o fsou the rn  Ca l i f o rn ia  (Menke  and  V i l l aseno r  1977 ) .

Slope aspect  is  an important  factor  in  the chaparra l  envi ronment ,  in  par tdetermin ing which speci -es make up a 1ocal  chaparrar  communi ty  and even successionfo l lowing f i re  (Hanes 1971) '  chamise (Adenosiema fasciculatum) is  a prominent  memberof  the c l imax chaparra l ,  o f ten forming 
"1"r"" f i ; r .  

s tands- ln lome areas.  other  s i tesa re  domina ted  by  va r i ous  spec ies_o f  manzan i t a  iA rc tos taphy los  spp . ) ,  ceano thus(-Q"4g$gq spp' ) ,  and scrub o"k (Q,rg-E-grg-" to l l l -spu. i . "  orTne iat rer  rhree generaa l so  make  up  much  o f  t he  pa tches  o r - " t , . p r . . " r ' t r , " t  occu r  w l t h i n  con i f e r  f o res t s  (B i swe l l1 ,97  4 )  .

Recen t  wo rk  by  By rne  (1978 )  p rov ides  ev idence  tha t  w i l d f i r es  we re  an  impor tan tpar t  of  the cal i forn ia chaparra l  envi ronment  long before European man arr ived on thescene '  us ing  da ta  ga the red  f rom anc ien t  ch " r coa i  f r agmen ts  depos i t ed  i n  mar inesed imen ts  be tween  1400  and  1550  A .D . ,  By rne ' s  (197g )  p re l im ina ry  conc lus ions  were  tha tp reh i s to r i c  f i r es  i n  chapa r ra l  and  wood iand  o r ' t t u  Los  pad res  Na t i ona l  Fo res t  a rea  o fsou the rn  ca l i f o rn ia  "occu r red  l ess  f r equen t l y  t han  du r i ng  the  modern  pe r i od ,  bu t  t hosetha t  d id  occu r  we re  o f  g rea te r  i n tens i t y  and  ae r i a l  ex ten t .  we  es t ima te  t he  recu r rencein te rva l  o f  t hese  f i r es  t o  be  anywhere  i r om 20  to  40  yea rs . ' ,

F l re has 1 ike1y been an important  factor  in  chaparra l  for  a long t ime.  The p lantspecies involved have developed two-main st rategies for  surv iv ing burning:  many speciesexh ib l t  v i go rous  sp rou t i ng  ab i l i t y - f o l l ow ing  f i i e ;  o the rs  have  seedcoa ts  t ha t  a rea l t e red  by  f i r e ,  and  thus  ge rm ina t i on  o f  seeds  i s  f avo red .

Present  f requencies of  f i re  in  th is  type of  scrubland are repor ted to vary f romless  than  10  yea rs  i ' n  sec t i ons  o f  t he  sou t i r  coas ta l  r eg ion  o f  ca l i f o rn ia  t h rough  20  co25 yeats in  the nor th coasta l  regions to as much as 50 to 100 years in  manzani ta chapar-
ra l  g row ing  a t  4 ,000  f t  ( r  220  m)  e leva t i ons  on  no r the rn  

" l op . " . - l /  
unde r  f i r e-__--_i7_-

""0 
;; i l : :T] '*" i lul l"o"rr.ton 

for a rexrbosk on f ire ecology by Henry A. wrighr
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supPresslon condi t ions today,  many areas have not  burned for  60 to 100 years.  Based on
work  i n  Sequo ia  Na t i ona l  Pa rk ,  Ca1 i f . ,  Pa rsons  (1976 )  conc luded  tha t  chamise  rega ined
nuch  o f  i t s  p re f i r e  s t ruc tu re  w i t h in  14  yea rs ,  and  tha t  by  35  yea rs ,  " . . . i t  shows
a l l  t he  cha rac te r i s t i cs  o f  a  ma tu re  s tand ,  mos t  o f  t he  success iona l  subsh rub  fo rms
having d i .sappeared.  "

The dramat ic  impact  of  in teract ion between f i re  f requencles and intensi t ies on
the  one  hand  and  vege ta t i on  s t ruc tu re  and  rep roduc t i ve  s t ra teg ies  on  the  o the r  i s
l l l us t ra ted  by  recen t  wo rk  i n  sou the rn  Ca l i f o rn ia  chapa r ra l .  Kee ley  and  Zed le r  ( f 978 )
be l i eve  chapa r ra l  i s  adap ted  to  bo th  sho r t  and  l ong  f i r e - f r ee  i n te rva l s ,  a  re f l ec t i on
o f  t he  unp red i c tab i l i t y  o f  f i r e  i n  t ha t  env i ronmen t .  They  sugges t  a  mode l  wh i ch
inc ludes  bo th  (1 )  a  sho r t  f i r e  cyc le  wh i ch  favo rs  sp rou t i ng  sh rubs  ove r  t hose  rep ro -
duc ing  en t i r e l y  f r om seed ;  and  (2 )  a  l ong  f i r e  cyc le  i n  wh l ch  r r sp rou te rs "  and  " s l ede rs "
coex i s t .  I n  t he  sho r t  cyc le  (25  yea rs ) ,  t he re  a re  f ewer  dead  sh rubs  be fo re  t he  f i r e ,
I i l o re  po ten t i a l  r esp rou ts '  l ess  i n tense  f i r es ,  l ower  f i r e - caused  mor ta l i t y  o f  sp rou t i ng
sh rubs ,  and  sma l l e r  open ings  fo r  seed l i ngs .  I n  t he  l ong  cyc le  (100  yea rs ) ,  howeve r ,
t he re  a re  more  dead  sh rubs  be fo re  t he  f i r e ,  f ewer  po ten t i a l  r esp rou ts ,  h i ghe r
i n tens i t y  f i r es '  more  f i r e - caused  mor ta l i t y  o f  sp rou t l ng  sh rubs ,  and  l a rge r  open ings
fo r  seed l i ngs .  They  p red i c t  t ha t  w i t h  t he  p resen t  f i r e  cyc le  o f  eve ry  20  to  30  yea rs .
bo th  sp rou t i ng  and  seed l i ng  spec ies  regene ra te  bu t ,  ove r  l ong  pe r i ods  o i  t i ne ,  sp rou t -
ing species may gain an advantage.

Keeley ( I977)  bel ieves that  southern Cal i forn ia chaparra l  may have evolved under
re la t i ve l y  l ong  f i r e - f r ee  i n te rva l s .  S im i l a r  conc lus ions  were  reached  by  Saue r  ( I g77 )
who suggested that  chaparra l  of  the Santa Monica Mounta ins ev ident ly  "was adapted to a
reg ime  o f  i n f requen t ,  1a rge ,  i n tense ,  nonse lec t i ve  f i r es ,  wh i ch  has  no t  been  subs tan -
t i a l 1y  a l t e red  by  man . "  Ev idence  o f  t h i s  was  p resen ted  by  By rne  and  o the rs  ( I g l 7 ) .

I n  t he  case  o f  t he  chapa r ra l  ad jacen t  t o  con i f e r  f o res t  i n  Sequo ia  Na t l ona l  pa rk ,
Pa rsons  (L976 )  be l i eved  tha t  f i r e  p reven t i on  and  supp ress ion  have  l ed  t o  t he  " f o rma t i on
o f  an  unna tu ra l ,  h i gh l y  f l ammab le ,  nea r l y  un i f o rm ,  o1d -aged . . . b rush  commun iLy . "  He
was concerned that  wi th the known high f requency of  l ightn ing f i res 1n the area and
inc reas ing  rec rea t i ona l  use ,  an  unna tu ra l l y  i n tense  f i r e  wou ld  bo th  des t roy  t he  vege ta -
t i on  mosa i c  t ha t  cu r ren t l y  ex i s t s  and  th rea ten  the  nea rby  g roves  o f  g i an t  sequo ia .

Pa rsons  (1976 )  i nd i ca ted  tha t  ex i s t i ng  f ue l  accumu la t l ons  need  to  be  reduced  so
tha t  more  na tu ra l  f i r es  cou ld  be  a l l owed  to  bu rn  a t  f r equen t  i n te rva l s .  Once  f i r e
has  res to red  a  na tu ra l  mosa i c  o f  age  c lasses  and  commun i t y  t ypes ,  " t hese  age -c lass
bounda r ies  wou ld  t hen  func t i on ,  a long  w i th  t opog raph i c  f ea tu res ,  as  na tu ra l  f ue l
b reaks  fo r  l im l t i ng  t he  s i ze  o f  f u tu re  f i r es  and  thus  pe rpe tua t i ng  t he  mosa i c "  (pa rsons
1976 ) .  Ph i l po t  ( 1977 )  sha res  t he  same conce rn  t ha t  w i t hou r  f i r e  f o r  pe r i ods  o f  50
yea rs  o r  l onge r ,  age -c lass  bounda r i es  become less  d l s t i nc t  and  chances  i nc rease  fo r
l a rge r ,  more  ca tas t roph i c  f i r es .  By rne  and  o the rs  ( I 977 ) ,  howeve r ,  be l i eve  tha t  some
prese t t l emen t  f i r es  we re  l a rge  and  ca tas t roph i c .

Quaking Aspen

S tud ies  by  Loope  and  Grue l l  ( I 973 )  i nd i ca te  t ha t  i n  p rese t t l emen t  t imes  success fu l
regene ra t i on  o f  aspen  s tands  was  s t imu la ted  by  f i r e .  Hend r l cksen  (1972 )  hypo thes i zed
f i r e  f r equenc ies  o f  50  to  100  yea rs  f o r  aspen .  Loope  (1971 )  no ted  tha t  wh i l e  occas -
s iona l  aspen  may  l i ve  t o  200  yea rs  i n  t he  absence  o f  i n tense  f i r e ,  t hey  t end  to  de te r -
i o ra te  a f t e r  80  to  100  yea rs  and  be  rep laced  by  con i f e r s .  Th i s  i s  t r ue  because  aspen  i s
fa i r l y  sho r t -1 i ved ,  i s  suscep t i b l e  t o  many  d i seases ,  and  canno t  su rv i ve  o r  rep roduce
in  t he  shade  o f  compe t i ng  con i f e r s  such  as  Doug las - f i r  ( Loope  1971 ,  Grue l l  and  Loope
1974 ) .  A l t hough  the  aboveg round  po r t l on  o f  aspen  1s  eas i l y  k i l 1ed  by  f i r e ,  i t s  r oo t
sys tem i s  ra re l y  damaged ;  hence  aspen  c lones  a re  pe rpe tua ted  by  f i r e ,  and  aspen  ge ts  a
heads ta r t  on  compe t i ng  con l f e r s  by  roo t  sp rou t i ng .
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clements (1910) found that  aspen sprouts grew more rapid ly  af ter  an in tense f i rethan  a f t e r  a  l i gh t  f i r e .  Ho r ton  and  Hopk ins  ( I qoo )  a l so  f ound  tha t  a  f i r e  i n tenseenough to k i l1  a l l  aspen stems and remove l i t ter  and duf f  is  desi rabl_e to producep ro l i f i c  sucke r i ng ,  whe reas  l ow- in tens i t y  f i r e  does  no t  ach ieve  th i s  resu l t .  G rue1 land  Loope  (1974 )  conc luded  tha t  f i r e  supp ress ion  du r i ng  the  pas t  50  to  70  yea rs  i s  amajor  factor  contr ibut ing to the recent  decl ine of  aspen in iackson Ho1e,  I , r lyo.

p inyon_Juniper  Woodland

The p inyon- juniper  associat i -on covers more than 43 mi l l ion acres (17 mi l l ionha) in  western North Amer ica (wr ight  and others : lgTg).  Before l ivestoct  graz ingwas  i nvo l ved ,  f i r e ,  d rough t ,  and  compe t i t i on  w i t h  g rass  j o i n t l y  l im i t ed  the  d i s t r i bu t i ono f  j un ipe r  ( Jun ipe rus  occ iden ta l i s ) .

Buckhardt  and Tisdale (1976) repor t  preset t lement  in tervals  between f i res inwestern juniper  s tands in  southwest  rdaho comparable to the 13-  to 1g-year  in tervalf ound  by  Keen  (1940 )  f o r  ponde rosa  p ine  fo res l s .  such  f requen t  f i r es  kep t  j un ipe rsrestr ic ted to shal low,  rocky soi ls  and rough topography in many par ts  of  the west .I d i t h  i n i t j - a t i on  o f  l i ves tock  g raz ing ' . r edu -ed  
"o r i e t i . t o '  

f r om g rasses  has  pe rm i t t edpinyon (Pinus edul is)  and juniper  to invade adj"" . r ra grass and sagebrush communi t ies;wi th reduced numbers of  f i res and lower in tensi ty  burn ing (wi thoui  grass fuels) ,  thejuniper  invasion has cont inued unchecked (Mart in  1g7g,  \ t l r ight  and others 1g7g).  rn astudy of  two species of  rn is t le toe.  that  in fest  p inyon and juniper  in  Grand canyonNa t i ona l  Pa rk ,  A r i z . ,  H reha  (1978 )  f ound  tha t  i i r ;  was  the  mos t  l im i t i ng  f ac to r  onthe  m is t l e toe ,  and  tha t  t he  m is t l e toes  and  the i r  hos t s  appea red  to  be  i n  equ i l i b r i um.

Along the uplands in  Mesa verda Nat ional  Park,  Erdman (1970) found that  recurrenrf i res had mainta ined a Gambel  oak (Qggrcuq g"r l . i i i ) -serv i "eberry (Amelanchierutahensis) mountain brush .regetatio' aJT-fiiEELmax. But under iffiffi"io.,pol ic i 'es,  p inyon- juniper  forest  is  gradual ly  replac ing the extensi -ve shrub vegetat ion.P resc r i bed  f i r e  w i l l  k i 11  p inyon  and  j un ipe r  r " " "  t han  4  f t  ( 1 .2  m)  t a r l  (w r i gh t  ando the rs  1979 ) ,  bu t  t a11e r  t r ees  a re  more  d i f f i cu l t  t o  k i 1 l .  Hence ,  ro  p reven t  i nvas ionof  grass and shrublands by p inyon and juniper ,  reburns are needed at  reast  every 20 to4 0  y e a r s .

Sagebrush Scrub

Sagebrush -g rass  vege ta t i on  cove rs  a t  l eas t  96  m i l l i on  ac res  (40  rn i l l i on  ha )in the western uni ted states,  most ly  below the p inyon- juniper  zone (wr ight  and othersL979) '  B ig sagebrush (Ar temis ia t r identara)  is  the pr inc ipal  fuel  for  f ree-runningf i res in  the broad Gret i -ElEf i -D" ier t  ecosystem which covers much of  Nevada,  southernoregon,  southern rdaho,  and par ts  of  wyoming,  utah,  and Ar izona (Humphr ey Lg74).  rnpreset t lement  t imes,  min imum f i re f requ"rr"y- i . r  t i r is  communi ty  in  norghern yel lowstone
Na t i ona l  Pa rk  was  32  to  70  yea rs  (Hous ton  rg73 ) ,  ana  wr igh r  and  o rhe rs  (1979 )  f e l t  50yea rs  i s  1 i ke l y .

The re  has  been  1 i t t l e  resea rch  on  e f f ec t s  o f  f i r e  i n  t he  sageb rush  dese r t ,  pe rhapsbecause f i res are rare ly  extensj"ve in  the ecosystem (Humphrey Lg74).  However,  th ish igh '  co ld  dese r t  o r  sageb rush  dese r t  j - s  more  sub jec t  t o  bu rn ing  than  the  ho t te r ,dr ier ,  more souther ly  Mojave,  Sonoran,  and Chihuahuan Deserts .  This  is  t rue j -n par tbecause the h igher  e levat ions and greater  moisture permi t  growth of  f i re-support inggrasses and forbs beneath and between the sagebrush (Humphiey Lgl4) .  rn addi t ion,there is  consi 'derable fuel  f rom adjacent  iun iper ,  p inyon: iunip" . ,  o , .  g . . " " rand vegeta-t i on  t ypes  tha t  ca r r y  f i r es  f r om these . ru " "  i " t o  a t , .  sageb rush  t ype .

Fi res have a major  impact  on such nonsprout i -ng shrubs as Ar temis j -a t r identataw i t h i n t h e s a g e b r u s h _ g r a s s c o m m u n i t y , b u t s p e c i i i " - ' " " p o " " " " " ' " ' ' f f i " f f i
t iming,  in tensi ty ,  and f requency of  burn ing , (wr ight  and others rg79) .  rn degraded
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big sagebrush/Thurber  needlegrass (St ipa thurber iana)  rangeland communi t ies,  nor th of
Reno ,  Nev . ,  w i l d f i r es  k i 11ed  the  sageb rush ,  s t imu la ted  sp rou t i ng  o f  two  na t i ve
sh rubs ,  and  a l l owed  downy  b rome  (B romus  tec to rum) ,  an  t t a l i en t t annua l  g rass ,  t o  domina te
the study areas (Young and Evans 1978).  The annual  grass appears to prov ide an
accumu la t i on  o f  f l ne  f ue l  t ha t  r ead i l y  i gn l t es  and  ca r r i es  f i r e  t o  t he  w ide l y  spaced
sagebrush p lants,  thus set t ing in  mot ion a cyc l ic  phenomenon leading toward convers ion
to  an  annua l  g rass land .

gqlgtn;1gfg t r identata produces a growth r ing that  can be counted to determine age
o f  p lan t  o r  p lan t  commun i t y  (Fe rguson  f960 ) .  I n  a  s tudy  o f  sh rub  age  s t ruc tu res  on  a
nule deer  winter  range in Colorado,  Roughton (1972) found an unusual ly  large number
o f  A r te rn i s i a  l nd i v i dua l s  i n  t he  55 -  t o  59 -yea r  age  c1ass .  Th i s  e i t he r  sugges ted  tha t
sone  na jo r  mor ta l i t y  f ac to r  such  as  f i r e  had  occu r red  a t  abou t  t he  t u rn  o f  t he  cen tu ry
and t ' the populat ion had not  yet  returned to equi l ibr ium" (Roughton Lg72) or  there have
been  60  yea rs  o f  poo r  cond i t i ons  f o r  rep roduc t i on  s i nce  then .  Fu tu re  s tud ies  us ing
th is  shrub age-dat lng technique may a l1ow determinat ion of  age st ructures for  a shrub
popu la t i on  and  i n  t u rn  an  i n te rp re ta t i on  o f  success iona l  s ta tus  and  va r i a t i ons  f r om
pred i c ted  sequences  wh ich  may  resu l t  i n  pa r t  f r om f i r e  impac ts .

From a land management s tandpoint ,  to  keep sagebrush in check,  "prescr ibed f i re
can  be  a  use fu l  t oo l  i n  many  b ig  sageb rush . . . commun i t l es  i f  t he  f i r es  a re  ca re fu l l y
p lanned . . . f i r es  shou ld  no t  be  too  f requen t  and  shou ld  be  p lanned  l n  ea r l y  sp r i , ng  o r
a f t e r  l a te  summer "  ( l ^ l r i gh t  and  o the rs  1979 ) .  Pa r t l cu la r  spec ies  responses  to  f i r e
must  be understood to achieve whatever  object ive the land manager may have.

VARIABLE REGIME: FREQUENT, LOW-INTENSITY SURFACE FIRES
AND LONG RETURN INTERVAL, STAND-REPLACING FIRES

High - i n tens i t y ,  s tand - rep lac ing  c rown  f i r es  occu r  i n  va r i ous  fo res t  t ypes  i n  t he
Wes t .  I n  ce r ta in  t ypes ,  howeve r ,  t he  f i r e  reg ime  va r i es  be tween  re la t i ve l y  f r equen t ,
1ow- to moderate- intensi ty  sur face f i res and long return in terval  crorrnn f i res,  depend-
i ng  upon  wea the r  cond i t i ons  and  i gn i t i on  f ac to rs  i n  pa r t i cu la r  s i t es .  When  w ind  and
o the r  wea the r  cond i t i ons  a re  f avo rab le  f o r  i n tense  bu rn ing ,  t he  l i ke l i hood  o f  an  l gn i t i on
lead ing  to  a  h igh - i n tens l t y  c ro \ ^ rn  f l r e  depends  on  such  fo res t  s t ruc tu ra l  f ac to rs  as :
( 1 )  t h e  s p a c i n g  o [  t r e e s ;  ( 2 )  t h e  q u a n t i t y  o f  c r o v m s  p e r  u n i t  a r e a ;  ( 3 )  t h e  a m o u n t  a n d
arrangement of  sur face fuels ;  and (4)  how high the cro\ , rn canopy is  above the sur face
fue l  hea t  sou rces  (B rown  1975 ) .  Such  i n tense  f i r es  have  occu r red  pe r i od i ca l l y  a t  more
than  100 -yea r  i n te rva l s  i n  l odgepo le  p ine ,  wes te rn  wh i t e  p ine  (P inus  mon t i co la ) ,  and
wes te rn  l a r ch  fo res t s  o f  t he  Rocky  Moun ta ins  and  i n  J )o r rg l : s - f i r  znd  l odgepo le  p ine
fo res t s  i n  t he  Cascades  (Fahnes tock  I 977 ) .

We l l ne r  (1970 )  f e l t  t ha t  t he  age  s t ruc tu re  o f  mos t  No r the rn  Rocky  }4oun ta in
fo res t s  supPor ted  the  conc lus lon  Lha t  f i r e  i n  t h i s  reg ion  tends  to  be  ca tas t roph i c ,
k i l l i ng  mos t  t r ees  i n  t he  f o res t .  Recen t  s tud ies  (based  on  f i r e - sca r  and  s tand -age
da ta )  summar i zed  by  A rno  (1980 ) ,  howeve r ,  i nd i ca te  t ha t  "h i s to r i c  f i r es  occu r red
- - i  ! L  - - ^ ^&1 - -  r r  " ^ ren t  f  r equenc ies  and  had  marked l y  d i f  f  e ren t  e f  f  ec t s  i n  t h i s  reg ion t  sw r L l l  v d D L t ) /  u r l t e

d ive rse  fo res t  env i ronmen ts . "  I n  some  hab i t a t s ,  f i r es  ma in ta ined  many -aged ,  open
s tands  o f  se ra l  t r ees ,  wh i l e  i n  o the rs ,  f i r es  des t royed  and  rep laced  s tands .  Th i s  was
t r u e ,  A r n o  ( 1 9 8 0 )  p o i n t s  o u t ,  b e c a u s e  f i r e s  b u r n e d  a t  v a r i a b l e  i n t e n s i t i e s  " . . .
r esu l t i ng  i n  a  mosa i c  o f  s tands  tha t  d i f f e red  i n  t r ee  spec ies  compos i t i on  and  age -
c l a s s  s t r u c t u r e . t t

One  fa i r l y  cons i s ten t  conc lus ion  by  sc ien t i s t s  and  resou rce  managers  wo rk ing  i n
most  areas of  the Northern Rocky Mounta ins seems to be that  there are few areas in
w h i c h  s h a d e  t o l e r a n t ,  c l i m a x  f o r e s t s  o f  s p r u c e  ( P i c e a  s p . ) ,  f i r  ( A b i e s  s p . ) ,  h e m l o c k
(- !g-qgg sp.) ,  and redcedar (Thuja p l icata)  have been a l lowed to develop.  Insread,
f i re--whether  f requent  and 1ow intensi ty  or  less f requent  and of  h igher  in tensi ty- -
l ^ ^ -  - ^ - ^ ^ r ^ 1 1 . ,  t ^I r a s  r e P e a t e o r y  r a v o r e d  t h e  d e v e l o p m e n t  o f  s l a n d s  o f  i n t o l e r a n t ,  f i r e - d e p e n d e n t  s p e c i e s
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the only species that  cont inues to reproduce beneath the forest  canopy" (Pf is ter  and

others 1977),  wi th increased shade and soi l  mosisture of ten p lay ing important  ro les

here.  In  the Selway-Bi t terroot  Wi lderness of  Montana,  Habeck (L976) found that  grand

f i r  r egene ra t i on  was  sp read ing  i n  a l l  d i r ec t i ons ,  l n to  we t te r ,  d r i e r ,  and  h ighe r

elevat ion s i tes.  He concluded that  expansion of  the f i re-sensi t ive grand f i r  may be a

re lat ive ly  new event  re lated to f i re  suppresslon.

D ISCUSSION

Gif l  ( f979)  noted that  i t  is  unfor tunate when someone lmpl ies that  e i ther  a

wi ldf i re or  management f i re  wi l l  not  harm vegetat ion because the f lora is  "adapted to
f i r o r r  I I o  nn in le  ou t  r i gh t l y  t ha t  t h i s  i s  an  i ncomp le te  concep t ,  and  a  be t te r  S ta temen t

wou ld  be  tha t ,  " t he  vegeLa t i on  i s  adap ted  to  a  ce r ta in  f i r e  reg ime . "  The  s ign i f i cance

of  th is  point  is  dr iven home by not ing the broad range of  f requencies and intensi t ies
which were found in preset t lement  forests and scrublands of  the western Uni ted States '

ranging f rom the f requent  low- intensi ty  sur face f j - res of  ponderosa p ine to the very
inf requent  and h lgh- intensi ty  crown f i res found in many spruce- f i r  forests.  Frequent

low- intensl ty  burn ing would be just  as out  of  p lace in  spruce- f i r  forests as in f requent
h igh - i n tens i t y  c rown  f i r es  a re  i n  na tu ra l l y  ope ra t i ng  ponde rosa  p ine  ecosys tems .

Ye t ,  w i t h  f i r e  hav ing  been  supp ressed  i n  many  wes te rn  f o res t s  f o r  t he  pas t  50  to
100 years,  unnatura l  changes have been evolv ing s1owly--even impercept ib ly  in  some

cases.  This is  leading to a sequence of  events which may be developing for  the f i rs t

t ime ever .  A conceptual  model  of  th is  sequence of  a sequoia-mixed coni fer  forest
would show that  suppression leading to longer in tervals  betr t reen f i res would in i t ia l ly

lead to increases in  sur face and crovm fuels and to changes in the forest  s t ructure
such  tha l  t he re  wou ld  be  (1 )  o lde r  age  c lasses l  Q )  a  dense r  f o res t  ( l ess  open ings ) ;
(3 )  a  mu l t l l aye red  ve r t j - ca l  s t ruc tu re ;  ( 4 )  an  i nc rease  i n  l adde r  f ue l s ;  and  (5 )  more

shade to lerant  species.  This would next  lead to increased probabi l i ty  of  h igher
intensi ty  sur face f i res wi th some indiv iduat  t ree cro\^rns burning,  and to sequent ia l

i npac ts  on  pos t f i r e  f o res t  s t ruc tu re ,  spec ies  compos i t i on ,  f ue l  accumu la t i on ,  and

bo th  ho r i zon ta l  and  ve r t i ca l  pa t t e rn .  I n  t u rn ,  t h i s  wou ld  b r i ng  abou t  changes  i n  f i r e

frequency and intensity. The unknovm 1n such a model is how a ne\,r balance would be

a r r i ved  a t ,  as  l ong  as  man  pu ts  subs tan t i a l  ene rgy  i n to  f i r e  supp ress ion .

Such changes in the absence of  f i re  dur ing the past  century or  less are greatest

i n  t hose  fo res t s  wh i ch  h i s to r i ca l l y  had  a  sho r t  r e tu rn  i n te rva l  be tween  f i r es  and
least  in  forests which had a very long return in terval .  For  example,  i f  the normal
i n te rva l  be tween  f l r es  i s  300  yea rs  o r  more ,  t he  recen t  absence  o f  f i r e  f o r  50  to  100
yea rs  wou ld  be  o f  1 i t t l €  s i gn i f i cance .

In  ce r ta ln  no r the rn  f o res t s ,  howeve r ,  i t  appea rs  t ha t  f i r e  j - n tens i t y  i s  no t  a
pure funct ion of  fuel  bui ldup wi th age.  Work by Van i^ lagner (L977) and Fahnestock
(177) sugeests that  cror^rr r  f i re  potent ia l  is  probably greatest  at  young and moderate
age ,  t hen  dec reases  as  t he  s tand  ma tu res .  "Ce r ta in l y  t he  ro le  o f  f i r e  sp read  depends
more on the quant i ty  and arrangement of  f i re  fuels  than on the accumulat ion of  downed
logs "  (Van  Wagner  1978 ) .  Once  b reakup  o f  t he  f o res t  s tand  beg ins  t h rough  dea th  o f

ce r ta in  o lde r  o r  weake r  t r ees ,  t he re  1s  a  ma jo r  i nc rease  i n  dead  ma te r i a l s  added  to

sur face fuels  and sur face f i re  in tensi ty  might  take a surge upward.  Because of  new

openlngs in  the crown canopy,  however,  cont inuous cro\4rr r  f i res would then be less
1 i ke l y  un less  a  we l l - de f i ned  con i f e r  unde rs to ry  had  a r i sen .

P lan t  Success ion

P la r - r t  success ion  fo l l ow ing  f i r e  does  no t  necessa r i l y  f o l l ow  a  s i ng le  pa thway .  As

Ca t te l i no  and  o the rs  (1979 )  po in t  ou t ,  va r i ous  spec ies -spec i f i c  a t t r i bu tes  re la ted  to
reproduct ion and surv iva l  determine the successional  outcome when a g iven ecosystem is

d is turbed by f i re .  As an example,  in  the Northern Rocky Mounta ins,  a communi ty  made



up of  aspen'  lodgepole p ine,  and western larch wi l l  have d i f ferent  outcomes dependingupon the j -ntervals  between f i res as they re late to the fo l lowing l l fe-h is tory char-ac te r i s t i cs :  ( 1 )  aspen rs  l l f espan  o f  130  yea rs  and  i t s  vege ta t i ve  rep roduc t i on ;  ( 2 )
l odgepo te  p ine ts  l i f espan  o f  25o  yea rs  and  i t s  need  fo r  20  yea rs  be fo re  ma tu re  conesa re  p roduced ;  and  (3 )  l a r ch ' s  300 -  t o  400 -yea r  l i f espan  and  i t s  ab i . l i t y  t o  d i spe rse
seeds widely f rom surrounding forests af ter  a f i re .  r f  a  communi ty  wi th aspen andlodgepo le  p ine  i s  bu rned  l ess  t han  130  yea rs  a f t e r  t he  l as t  f i r e ,  t o th  spec ies  w i l l  bep resen t  i n  t he  pos t f i r e  success j -on .  r f  t he  s tand  bu rns  a f t e r  250  yea rs ,  bo th  spec ieswi l l  be lost  and larch wi l l  take over  by seeding in  f rom surrounding forests.  r f  thes tand  bu rns  i n  l ess  t han  20  yea rs ,  l odgepo le  p ine  w i l l  be  l os t ,  bu t  bo th  aspen  andla rch  wou ld  be  pa r t  o f  pos t f i r e  success ion  ( ca t t e l i no  and  o the rs  Lg : .g ) .  Thus ,  man-caused changes in f i re  f requency-- through suppressicn or  prescr ibed burning--can havema jo r  impac t  on  the  spec ies  compos i t i on  and  s t ruc tu re  o f  a  f o res t .

I nsec ts ,  pa ras l t es ,  and  D isease

Brovm (1975 )  and  o the rs  have  emphas i zed  the  impor tance  o f  i nsec ts ,  pa ras i t es ,  andd i sease  i n  mod i f y i ng  t he  s t ruc tu re  o f  many  wes te rn  f o res t s  and ,  i n  t u rn ,  t he  f r equencyand  i n tens i t y  o f  subsequen t  f i r es .  Re la t i ve l y  l i t t l e  quan t i t a t i ve  wo rk  has  been  doneon the ef fects of  f i re  on p lant  d iseases (Alexander and Hawksworth 1976,  parmeter
L977) '  Avai lable ev idence--par t icu lar ly  concerning f i re  and dwarf  mist le toe(Arsgcggbigq spp.)--has been summarized, by Alexander and Hawksworrh (1975 , 1976),Ha rd i son  ( r976a ,  r976b ) ,  Ha rvey  and  o the rs  (Lg76 ) ,  w i cke r  and  Leapha r r  ( I g76 ) ,  andParme te r  (7977 ,  1978 ) .  The  re la t j - onsh ip  be tween  f i - r e ,  i nsec ts ,  and  fo res t  s t ruc tu rehas  been  d i scussed  by  M i11e r  and  Keen  (1960 )  and  Roe  and  A rnman  (1970 ) .

rn  an  ove rv iew  o f  t he  impac t  o f  f i r e  on  pa thogens ,  pa rme te r  (L9 j7 )  conc ludedtha t ,  "F i re  can  a l t e r  d i sease  ac t i v i t y  i n  f o res t s  and  sc rub lands  d i rec t l y  by  a f f ec t i ngthe  su rv i va l  and  deve lopmen t  o f  pa thogens  o r  i nd i rec t l y  by  a f f ec t i ng  cha rac te r i s t i csof  p lant  communi t ies, .  ind iv idual  p lanis ,  or  physical  and microbia l  envj_ronments thati n f l uence  pa thogens . "  The  re la t l onsh ip  be tween  f i r e  and  d l sease  i s  comp l i ca ted  bo thby  the  va r i ab i l i t y  o f  f l r e  i n tens i - t y  and  f requency  and  by  t he  comp lex i t y  o f  poss ib lein te rac t i ons  be tween  f i r e  and  d i sease .

In  t he  absence  o f  f i r e ,  numbers  o f  t r ees  i n fec ted
deg ree  o f  damage  i nc reases  w i th  age  o f  t r ees  o r  s tands
sp read  th rough  mu l t i s to r i ed  s tands  i s  a l so  more  rap id
s t a n d s  ( P a r m e t e r  1 9 7 8 ) .

rn tense  f i r es  t end  to  have  a  san i t i z l ng  e f f ec t  on  i n fec ted  s tands  g i v i ng  l odgepo lep ine  the  edge  ove r  m is t l e toe ,  wh i l e  pa r t l a l  bu rns  c rea te  i dea l  cond l t l ons  f o r  rap idspread of  mist le toe j -n even young stands (Alexander and Hawksworth 1976).  Mlst le toe,on  the  o the r  hand ,  k i l l s  and  s tun ts  t r ees ,  causes  sp i ke  t ops  and  w i t ches ,  b rooms ,wh ich  mod i f y  ve r t i ca l  s t ruc tu re  o f  t he  f o res t ,  p rov id ing  " l adde rs ' ,  f o r  f i r e  t o  ascendand consume t ree crowns.  This obviously  lncreases f i re  hazard,  f lammabi l - i ty ,  and f l rei n tens i t y '  F i re  may  encou rage  sp read  o f  t he  m is t l e toe  pa ras i t e  by  conve rs ion  o fnonsuscep t i b l e  c l imax  sp ruce - f i r  f o res t s  t o  m is t l e toe -suscep t i b l e  nea r l y  pu re  s tandsof  lodgepole p ine (Alexander and Hawksworth 1976).  At  the same t ime,  f i re  may l iml tdeve lopmen t  o f  na tu ra l  gene t i c  res i s tance  to  m is t l e toe  by  con t i nua l l y  p reven t l ngsurv iva l  of  any t rees that  may have become somewhat  res is tant  (Roth Ig7111.

P resc r i bed  bu rn ing  i n  p ine  P lan ta t i ons  1n  the  sou th  reduced  p ine  mor ta l i t y  andtota l  in fect ion by Heterobasid lon annosum (_qgqgg annosus.)  root  rot  (Froel ich and others1978) '  The i *pt" ts-6F-?l?" i .Tt .  fungus r , rere grearest  where the d isease vr 'as mostse r i ous '  A l t hough  con f i rm ing  f i e l d  s tud ies  . r " . J  t o  be  ca r r i ed  ou t  i n  \ , r ' es te rn  f o res t s ,Parmeter  and Uhrenholdt  (7975) have found that  spore germinat ion or  mycel1al  growth ofseveral  fungi ,  inc luding rs lq"s annosus,  was reduced by exposure to smoke.  By contrast ,T r i chode rma  spp . ,  common  f " . t g€ f  
"ompe t i t o r s  

p f  Fomes  annosus ,  i nc reased  i n  so i l  a f t e r

,  i n tens i t y  o f  i n fec t i on ,  and
a n d  s i z e  o f  t r e e s .  T h e  r a t e  o f

than through s ingle-stor ied
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burn lng  (F roe l i ch  and  o the rs  1978 )  and  ge rm ina t i on  o f
when exposed to smoke (Parmeter  and Uhrenholdt  L975).

Tr ichoderma spores  was increased

A^^  ^+ ' " ^ i " -e  o f  l odgepo le  p ine  fo res t s  re la tes  ve ry  s t rong l y  t o  po ten t i a l  f o r
n 6 g  D L ! U L L U T

a t tack  by  moun ta in  p ine  bee t l e  (Dend roc tonus  ponde rosae  Hopk .  )  ;  bee t l es  f i r s t  a t t ack

larger  (14- inch d iameter  or  more)  t rees which have th ick phloem and a bet ter  food

supply (Roe and Amman 1970).  In  addi t ion,  h igh-e levat ion stands show less in festat ion

by p ine beet les and greater  in fect ion by dwarf  mist le toe (Amman L969).  Beet le act iv i ty

in  the absence of  f i re  in  the Northern Rocky Mounta ins leads to replacement  of  lodgepole

pine by Douglas- f i r  a t  lower e levat ions and by subalp ine f i r  and spruce at  h igher

e leva t i ons .  I n  Ehe  p resence  o f  f i r e ,  seed l i ng  l odgepo l -e  p ine  come in .

A^  an  ^ * - - ^1e ,  t he  1961  S leep ing  Ch i l d  F i re  bu rned  more  than  25 ,000  ac res  o f4 D  4 I I  g ^ 4 r r r P  r

lodgepole p ine in  the Bi t terroot  Nat ional  Forest  of  Montana which had previously  been

heavi ly  damaged by mounta in p ine beet le between 1928 and 1932 (Roe and Amman 1970).

Lodgepole p ine seedl ings became establ ished on about  15,000 acres of  the burned area;

wi th in 80 to 90 years,  these newly establ ished p lne t rees wi l l  s imul taneously reach

s i zes  a t t r ac t i ve  t o  bee t l es  ove r  s i zab le  a reas .  Then  a  w idesp read  i n fes ta t i on  o f

beet les wi l l  lead to heavy fuels  which j -n t ime wi l l  lead to in tense burning which may

be fo l lowed by another  restocking of  lodgepole p lne seedl ings which wi l l  s tar t  the

sequence again.  In  areas where mist le toe in fect ion is  heavy,  t re i :  growth is  reduced,

thus  reduc ing  the  l i ke l i hood  o f  bee t l e  i n fes ta t i on .  Howeve r ,  i n  t ha t  i ns tance ,  t he
p rev ious l y  desc r i bed  changes  i n  ve r t i ca l  s t ruc tu re  wh i ch  m is t l e toe  b r i ngs  abou t  a l so

lead to fi-re hazards and burning.

In  ponde rosa  p ine  fo res t s ,  M i l l e r  and  Keen  (1960 )  f ound  tha t  wes te rn  p ine  bee t l e
(Dendroctonus.  brev icomis)  populat ions concentrate in  f i re- in jured t rees which surv ive

a t i - re.  fney noted that  unburned stands of  ponderosa p ine had larger  numbers of  smal l

t rees than burned areas,  but  that  burned areas had larger  t rees and larger  volume per

ac re .  Thus ,  t hey  conc luded  tha t  i n  gene ra l ,  " . . . t he  l ong - te rm e f fec t  o f  f i r e  i s  t o

l essen  wes te rn  p ine  bee t l e  damage  ra the r  t han  i nc rease  j - t . "

I t  wou ld  appea r  t ha t  manrs  e f f o r t s  t o  dec rease  f i r e  f r equency  o f t en  l ead  to

condi t ions favor ing growth of  forest  insects or  d isease organisms.  Such growth in

turn af fects foresL st ructure and fuel  bui ldup in a way which insures the forest  wi l '

burn,  somet imes wi th greater  in tensi ty  than would have been the case otherwise.

S tab i l i t y ,  D i ve rs i t y ,  and  Res i l i ence

Bonn icksen  and  S tone  ( f 978 )  no te  t ha t  i n  t he  absence  o f  f r equen t  f i r e  i n  sequo ia -

m ixed  con i f e r  f o res t s ,  t he re  i s  no t  a  s teady  s ta te  mosa i c .  I ns tead ,  younge r  agg rega -

t ions are being replaeed by o lder  ones.  There is  no f i re  to make new openings and no

opportuni ty  for  seedl ing and sapl ing whi te f l r  to  become the top t j -er  dominant  in  such

new agg rega t i ons .  Kee ley  ( t h i s  vo lume)  has  sugges ted  tha t  f r equen t  f i r es  a re  an  impor -
tant  par t  of  the f i re  regime,  because they preserve seed t rees by prevent ing widespread
crown f i res among species such as ponderosa p ine which have no means ot  s tor ing seed

on  t rees  o r  i n  t he  so i1 .  Unde r  a  pe r l od i c  f i r e  reg ime  i n  a  m ixed -con i f e r  ecosys tem '

Agee  and  o the rs  (1978 )  po in t  ou t  t ha t  ecosys tem dynamics  apPeared  to  be  more  s tab le .

Low decompos i t i on  ra tes  and  the  f l ammab le  na tu re  o f  t he  f o res t  f l oo r  i n  t h i s  sys tem

assu red  tha t  f r equen t  su r face  f i r es  wou ld  occu r ,  pe r l od i ca l l y  re leas ing  s to red  ene rgy .

" I f  s t a b l l i t y  i s  d e f i n e d  a s  t h e  a b i l i t y  t o  r e s i s t  c h a n g e ,  t h e n . . . v e g e t a t i v e
cyc les  ma in ta ined  and  d r i ven  by  f i r e  mus t  be  cons ide red  to  be  s tab le "  (Vog l  1970 ) .  As

such,  lodgepole p ine cor f fnuni t ies and other  f i re  types would be considered very stable '

because f i res in  such types resul t  in  a replacement  communi ty  of  s imi lar  s t ructure to

that  or ig inal ly  found there,  whi le  f i re  in  c l imax types resul ts  in  ext reme change
(Brown Lg75).  On the other  hand,  when natura l  f i res are suppressed in a mixed coni fer

f o res t ,  b i omass  and  ene rgy  accumu la te ,  spec ies  compos i t i on  sh i f t s ,  t he  new sys tem i s
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l ess  f l ammab le ,  l adde r  f ue l s  bu i l d  up  i n  unc le rs to ry  t r ees ,  and  a  w i l d f i r e  wh i ch  doesoccur  i 's  much more 1 ike1y to become a h igh- intensi ty  cror , \ rn f i re ,  k i l l ing mature t reesand  se r i ous l y  d i s rup t i ng  t he  sys tem (K i l go re  and  sando  1g75 ,  Agee  and  o the rs  197g ) .

Loucks  (1970 )  be l i eved  tha t  commun i t y  s tab i l l t y ,  spec ies  d i ve rs i t y ,  and  annua lp r o d u c t i v i t y  a r e  p o s i t l v e l y  r e l a t e d .  H e  o f f e r e d  t h e  h y p o t h e s i s  t h a t  ' , . . . e v o l u t i o n
in  ecosys tems  has  b rough t  abou t  no t  on l y  adap ta t i on  t o  he te rogenous  env i ronmen ts ,  bu tadap ta t i on  t o  a  repea t i ng  pa t te rn  o f  chang ing  env i ronmen ts ,  a  s ta t i ona ry  p rocess  tha trep resen ts  a  compos i t e  o f  t ime  i n te rva l s  ove r  wh i ch  rep lacemen t  o f  spec ies  i s  repea tedove r  and  ove r  aga in . "  As  a  pa r t  o f  t he i r  s tudy  o f  f i r e -dependen t  f o res t s  i n  t heNor the rn  Rocky  Moun ta ins ,  l l abeck  and  } l u t ch  (1973 )  o f f e red  a  s im i l a r  hypo thes i s  t ha t ,l l  r' ' " ' t h e  

d i v e r s i t y  o f  c o m r n u n i t y  l i f e  f o r m s  e n g e n d e r e d  s o m e  s o r t  o f  e c o s y s t e m  e q u i l i -
b r i u m  o r  a  k i n d  o r  b i o l o g i c  r c h e c k  a n d  b a l a n c e s r  s y s t e m  t h a t  g o v e r n e d  t h e  m a g n i t u d e  o f
t h e  e f f e c t s  a c c o m p a n y i n g  a  g i v e n  f o r e s t  f i r e . "  T a k l n g  t h i s  a  s t e p  f u r t h e r ,  o n e  c o u l d
a lso  assume tha t  s imp l i f y ing  t i re  communi ty  l i fe  fo rms by  e l lm lna t ing  f i re  may mod l fy
f o r e s t  s t r u c t u r e  i n  a  v r a y  t h a t  b r i n g s  i m b a l a n c e  t o  t h e  n a t u r a l  s y s t e m .  T a y l o r  ( L g 7 3 )
found tha t  e l i rn ina t ion  o f  f i res  in  loc lgepo le  p ine  communi t ies  in  ye l lo \ , rs tone Nat iona l
P a r k ,  I ' J y o ' ,  l i m i t e d  e c o l o g i c a l  d i v e r s i t y  b y  r e d u c i n g  o r  e l i m i n a t i n g  t h o s e  p l a n t s
a n d  a n i m a l s  f o u n d  o n l y  i n  s u c c e s s i o n a l  c o m m u n i t i e s  p r e s e n t  b e f o r e  c l - o s u r e  o f  t h e
f o r e s t  c a n o p y .

A  d i f f e r e n t  p o i n t  o f  v i e t o  i s  f o u n d  e l s e w h e r e  i n  t h e  e c o l o g i c a l  l i t e r a t u r e .l l nKes l l l ence  has  recen t l y  been  de f i ned  as  " t he  ab l l i t y  o f  a  na tu ra l  ecosys tem tor e s t o r e  i t s  s t r u c t u r e  f o l l o w i n g  a c u t e  o r  c h r o n i c  d i s t u r b a n c e . . . t t  ( W e s t m a n  1 9 7 g ) .Th i s  se t  o f  p rope r t i es  was  l nc luded  unde r  t he  t e rm  "s tab i l i t y "  i n  ea r l - i e r  wo rk  by  May( 1 9 7 3 ) ,  I l o l l i n g  ( 1 9 7 3 ) ,  a n c l  O r i a n s  ( 1 9 7 5 ) .  t r i e s r m a n  ( 1 9 7 s )  s u g g e s r s  t h a r  , ' s t a b i 1 i r y , ,
be  l im l t ed  to  t he  "pa t te rn  o f  f l uc tua t i ons  i n  a  re la t i ve l y  . . r ' i r p . " t ud  ecosys tem ove rt ime"  and  c i t es  wo rk  by  l ^ , t r l t t ake r  (Lg75 )  t o  suppo r t  t h i s .  The  ab i l i t y  o f  a  sys tem tores i s t  d i sp lacemen t  i n  s t ruc tu re  and  func t i on  when  sub jec ted  to  a  d i s tu rb ing  fo rce/ 1( such  as  t i r e )  has  been  re fe r red  to  as  " i ne r t l a "  by  o r i ans  (Lg75 )  and  L les tman  (197g ) .
Ho l l i ng  ( I 973 )  had  te rmed  th i s  same  p rope r t y  " res i l i ence , "  wh i l e  Vog l  ( 1970 )  had
c a 1 1 e d  i t  " s t a b i l i t y . "

Bo tk in  and  Sobe l  (1975 )  have  po in ted  ou t  t ha t  " s tab i l i t y ' r  i n  t he  anecdo ta l
l i t e ra tu re  has  o f t en  been  imp l i c i t  and  vague .  l { he re  i t  was  de f l ned ,  t he  concep t  v /ass im i l a r  t o  t he  " s ta t i c  s tab i l i t y "  f ound  i n  a  c l ass i ca l  mechan i cs  sys tem tha t  re tu rns
to  equ i l i b r i um a f te r  be ing  d i s tu rbed .  Such  de f i n i t i ons  a re  f ound  i n  odum (1971 ) ,
K rebs  (1972 ) ,  and  sm i th  (1974 ) .  I 1o11 ing  Qg73)  and  Bo rk in  and  sobe l  ( r g l5 )  con rend
tha t  such  a  s ta t i c  s tab i l i t y  concep t ,  bo r rowec l  f r om c lass l ca l  phys i cs ,  may  be  i napp ro -p r l a te  f o r  t he  ana l ys i s  o f  ecosys tems  i n  t ha t ,  "Na tu ra l  und i s tu rbed  sys tems  a re  1 i ke1yto  be  con t i nua l l y  i n  a  t r ans ien t  s ta te i l  (Ho l l i ng  i - g l 3 ) .

us ing  the  examp le  f r om He inse lman ts  (L973 )  h l s to ry  o f  t l - r e  100 -yea r  re tu rn  i n te rva lf o r  f i r e  l n  t he  f o res t  o f  t he  Bounda ry  i , I a te rs  canoe  A rea  o f  M inneso ta ,  Bo tk in  andSobe l  (1975 )  ma in ta ined  tha t  t he  concep t  o f  an  equ i l i b r i um s ta te  f o r  a  na tu ra r  f o reschas  been  con t rad i c ted  by  h i s to ry  and  tha t  s ta t i c  s tab i l i t y  i s  a  concep t  w i t h  l i t t l ee c o l o g i c a l  v a l u e .  T h e y  a s k  t h e  q u e s t i o n :  " h h a t  d o e s  i t  m e a n  t o  t s t a b i l i z e ' o r  , p r e s e r v e
a forest  when the natura l  un<l is turbed forest  is  changing through t ime,  and when f i reappea rs  t o  be  an  i n t r i ns l c  even t? "  They  fee l  t ha t  t he  ana l ys i s  o f  s tab i l i t y  and  i t sdependence  on  ecosys tem comp lex i t y  mus t  be  b roadened  to  i nc lude , ,no t i ons  o f  s tab i l i t ybes ides  the  de f i n i t i on  o f  s ta t i c  s tab i l i t y  bo r rov red  f rom s ta t i s t i ca l  mechan i cs . , ,

l { ay  (1973 )  con tends  tha t  i n  t he  na tu ra l  wo r1d ,  " i t  i s  no t  t r ue  t ha t  popu la t i on
s tab i l i t y  i s  un i f o rm ly  assoc ia ted  w l th  t r oph i c  comp lex i t y  and  fauna l  and  f l o ra ld i ve rs i t y " t  on  t he  con t ra ry ,  a  number  o f  na tu ra l  monocu l t u res ,  such  as  t he  marchg rass  ( spa r tLna  a1 !e fn i f l o ra ) ,  a re  ve ry  s tab le ;  t he  i ns tab i l i t y  o f  man-made  monocu l t u resresu l t s  no t  f r o r ' r  

! l : i 5  s imp l i c i t y ,  bu t  f r om the i r  unna tu ra lness .  As  a  ma themat i ca lgene ra l i t y ,  I { ay  (1973 )  con tends  tha t  i nc re " " i r r g  d i ve rs i t y  and  comp lex i t y  enhance
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cotmuni ty  instabi l i ty .
prlnciples which govern
nar i ly  gained by srudies
and Wi ldernesses.

But  he a lso notes that  we need
na tu ra l  assoc ia t i ons  o f  p l an ts

in  p r i s t i ne  ecoys tems  such  as

much bet ter  understanding of
and animals.  This can be pr i -
those found in Nat ional  Parks

CONCLUS IONS

Fire suppression has caused an increase in in tervals  between f i res
This decrease in f requency is  leading to an increase in sur face fuels  i -n
and  a  mod i f i ca t i on  o f  f o res t  s t ruc tu re .

rn many areas.
many forests

Th i s  s t ruc tu ra l  change  i s  man i fes ted  as  a  sh i f t  i n  t he  d i s t r i bu t i on  o f  ages  and
spec ies  compos i t i on  i n  va r i ous  fo res t s  and  sc rub lands  o f  t he  Wes t .  I n  t u rn ,  t hese
changes  i n  age  c lasses  and  spec ies  compos i t i on  a f f ec t  bo th  t he  ho r i zon ta l  pa t t e rn  and
ve r t l ca l  s t ruc tu re  o f  t he  f o res t .  Such  s t ruc tu ra l  changes  l ead  to  s i gn i f i can t  mod i f i ca -
t lon in  the ver t ica l  and hor izonta l  fuel  arrangement of  the forest- - inc luding an
lncrease in ladder fuels--and hence to changes in probable in tensi ty  of  fu ture f i res.
I n  many  cases ,  t hese  changes  appea r  t o  l ead  toward  h ighe r  i n tens i t y  f i r es  i n  f o res t s
which previously  had f requent ,  low- intensi ty  f i res as a normal  f i re  regime.  Changes
are less not iceable so far  where long return in terval ,  h igh- intensi ty  f i re  regim."  

" r "involved.

Such shi f ts  in  f requency of  burn ing--which lead to changes in s t ructure--a lso
nodi fy  the in tensi ty  of  subsequent  f i res,  and in turn can lead to substant ia l  changes
ln  pos t f i r e  f o res t  s t ruc tu re .  Th i s  new and  d i f f e ren t  f o res t  s t ruc tu re  can  i n  t u rn
lead to changes in both f requency and intensi ty  of  subsequent  f i res,

The cornplex i t ies of  these interact ions in  any g iven forest  are fur ther  compounde<1
by (1)  the very large number of  possib le species combinat ions in  var ious geographic
zones and (2)  t t te  var iat j -ons which topography and weather  can br ing to the impact  of
a  g i ven  f requency  and  i n tens i t y  o f  f i r e  on  va r i ous  vege ta t i on  t ypes .

There is  great  need for  addi t ional  knowledge about  natura l  f i re  regimes-- involv ing
both f requency and intensi ty- - in  many.  forest  types of  the I^ lest .  But  there is  a lso
need to take fu l1 advantage of  what  we a l ready knovr  and to apply th is  knowledge in
nanagement of  our  forest  and scrubland ecosystems.  In summary,  as has been pointed
ou t  e l sewhere  (K i l go re  1976 ) ,  we  need  be t te r  unde rs tand ing  o f  f i r e  as  a  p rocess  and  as
a tool '  but  \de a lso need greater  commitment  by land managers co use on the land the
best  of  what  we a l ready know. To carry out  an ef fect ive resources management program
ln  wes te rn  f o res t s  and  sc rub lands ,  we  w i l l  a l so  need  a  we l l - t r a i ned  cad re  o f  f i r e
tnanagers who understand f i re  behavior  under a var iety  of  vegetat ion and weather  condi-
t i ons .  To  be  fu l1y  success fu l  as  sc ien t i s t s ,  l aymen ,  and  env i ronmen ta l l y  conce rned
ci t i 'zens '  we must  a lso work to gain greater  publ ic  understanding of  and involvement  1n
developing and approving our  land management pract ices.

Jus t  as  t he  f i r e  p rocess  i s  bas i c  t o  t he  ope ra t i on  o f  many  ecosys tems  i n  t he
West ,  so our  understanding of  f i re  regimes is  basic  to our  managenent  of  such ecosystems
in  Na t i ona l  Pa rks ,  W i l de rness  A reas ,  and  o the r  pub l i c  1ands .  W i th  f i rmer  know ledge
and  i ns igh t  i n to  how f i r e  f r equency  and  i n tens i t y  re la te  t o  t he  s t ruc tu re  o f  t hese
sys tems '  we  can  beg in  t o  use  f i r e  as  a  t oo l  t o  bes t  s imu la te  i t s  na tu ra l  r o l e  i n
these  a reas .
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